INTRODUCTION {#sec1-1}
============

Significant physiological dimensional changes are to be expected following tooth extraction. Several studies have sought to understand and to quantify this remodeling process. Approximately 3.87 mm of loss in thickness and 1.67--2.03 mm in height occur within the first 3 months.\[[@ref1]\] This loss may be related to reabsorption of the alveolar bone itself \[[@ref2]\] or trauma resulting in vascular damage and an acute inflammatory reaction, which are considered mediators of bone resorption.\[[@ref3]\] Factors, such as alveolus depth, mucosal thickness, systemic-metabolic conditions, and functional load, may affect this process.\[[@ref4][@ref5]\]

Alveolar preservation procedures have the potential to reduce such vertical and horizontal bone alterations, without completely interrupting them.\[[@ref6]\] In a recent meta-analysis, compared to untreated alveoli submitted to preservation, treated areas are on average 1.31--1.54 mm thicker and 0.91--1.12 mm in higher, with better results obtained through guided bone regeneration (GBR), using nonabsorbable barriers without grafts, or through bioactive materials.\[[@ref7]\]

GBR techniques are based on the concept of osteopromotion, in which, a barrier prevents the migration of epithelial cells into the alveolus, promoting cell exclusion, and preventing them from interfering with the repair process.\[[@ref8][@ref9]\]

Nonabsorbable barriers, such as expanded polytetrafluoroethylene, have a long history of success in GBR, particularly in periodontics. Its porosity allows bacterial colonization of the surface when exposed to the oral environment, therefore, one should consider its indication when a submerged membrane is required, while accepting the risk of failure should there be early exposure.\[[@ref10]\] This represents a limitation for alveoli since the coaptation of borders at this site requires manipulation and advance of the flap without tension, a technique that is not always accessible to less-skilled professionals.

The use of a membrane exposed to the oral medium is defined as a modified GBR technique since conceptually when using this treatment modality; the membrane must remain submerged for at least 6 weeks.\[[@ref11]\]

The fundamental characteristics of regenerative barriers are related to properties such as biocompatibility, cell exclusion, integration into host tissues, clinical handling, and the ability to occupy the space.\[[@ref9][@ref12]\] The polypropylene barrier (PB) meets all of these requirements and has recently emerged as a nonabsorbable option for GBR in alveoli. PB allows exposure to the oral environment through its smooth and impermeable surface while preventing bacterial colonization of the barrier.\[[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18]\]

Thus, the objective of this study was to evaluate the efficacy of a polypropylene membrane in GBR and modified GBR in the treatment of critical defects of rodent cranial vaults, using histomorphometry.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was approved by the Research Ethics Committee (protocol no. 2015-009). All procedures were carried out in accordance with the Ethical Principles of the National Animal Experimentation Council.

Thirty Wistar line, male, adult rats (Rattus norvegicus albinus), with a mean weight of 300 g, were obtained. The animals were housed in individual cages at a controlled temperature of 22°C, with a 12-h light cycle, and free access to water and industrialized feed.

A critical bone defect of approximately 7 mm was performed at the center of each skull under general anesthesia using a 0.2 ml/100 mg anesthetic solution with 50 mg/ml Ketamine (DOPALEN^®^) and 20 mg/ml Xylazine (ANASEDAN^®^) at a ratio of 2:1, injected intraperitoneal. After epilation and antisepsis with iodopovidone, a 2.5-cm incision was made in the skin, extending from the nasofrontal region to the occipital protuberance. The tissues were dissected laterally and osteotomy performed with a 7-mm diameter trephine drill, rotating at approximately 900 RPM under constant irrigation until reaching the internal cranial surfaces.

The animals were then divided into three experimental groups with 15 rats in each group \[[Figure 1](#F1){ref-type="fig"}\] as follows:

![Postoperative aspect of the different experimental groups. (a) Group 1 - (Control) filling of bone defect with clot and suture; (b) Group 2 - polypropylene barrier with the defect partially exposed, removed after 3 days; (c) Group 3 - polypropylene barrier with coaptation of the edges of the wound, leaving the barrier submerged](JISP-23-351-g001){#F1}

Group 1: Confection of the bone defect and suturingGroup 2: Preparation of the bone defect, positioning of the PB (bone heal) with skin suturing using Nylon 4-0 (Ethicon), and leaving the barrier exposed. It was removed after 3 daysGroup 3: Confection of the bone defect, positioning of the polypropylene membrane, and skin suture using Nylon 4-0, with wound closure by the first intention. It was not removed.

Twenty-five drops of 500 mg/ml sodium dipyrone were prescribed for analgesia. The barriers used in Group 2 were removed after 3 days, while those of Group 3 were kept submerged until euthanasia.

The animals were euthanized at 30 and 90 days postoperative by anesthetic overdose using intraperitoneal 90--150 mg/kg of sodium thiopental associated with 10 mg/ml Lidocaine. After animal sacrifice, the samples were fixed in 10% formaldehyde and processed by decalcification followed by dehydration and diaphanization in paraffin sections at a thickness of 5 μm. Each section was stained with H and E, placed on a glass slide, and submitted to microscopic analysis.

Two-way analysis of variance and Tukey\'s test were performed to compare the effect of GBR with time, as well as the interaction between these two factors. Statistics were performed using the SPSS 23 program (SPSS Inc., Chicago, IL, USA), adopting a 5% of significance level.

RESULTS {#sec1-3}
=======

Postoperative repair progressed well, complication-free, in all animals. There were no clinical signs of postoperative infection observed in any of the surgical sites.

Regarding histological analysis, at 30 days, the bone defects produced in the cranial vaults were observed to be filled with connective tissue components at different phases of the organization. Overall, the control group presented a lower connective tissue thickness when compared to the groups with and without coaptation \[[Figure 2](#F2){ref-type="fig"}\].

![Histological section of 30-day experimental groups: panoramic image (H and E, ×2.5). (a) Control group showing presence of bony defect filled by a thin layer of connective tissue, mainly in the central region; (b) Group without coaptation: bony defect filled by a thicker layer of connective tissue, mainly within the central region; (c) Coaptation group: bony defect filled by connective tissue with greater organization in the central region. \*Bony defect; TC -- Connective tissue](JISP-23-351-g002){#F2}

Discrete bone neoformation, at the marginal region of the bony defect, was observed in all groups, with a slightly larger increase in the coaptation group. However, new bone formation toward the center of each defect was minimal in all samples. Within this region, the greatest difference was related to the organization and thickness of the connective tissue, with better organization and depth observed in the groups with and without coaptation. With the exception of the control group, the presence of a large number of fibroblasts and capillary neoformation was noted.

At 90 days, in the panoramic view of the three groups, the bony defect maintained different degrees of bone neoformation, with the coaptation group showing greater bone neoformation. In the images at a higher magnification, one may observe discrete bone neoformation at the margins of the bony defect in the control group, with the presence of organized and developed connective tissue filling this defect. In the noncoaptation group, neoformation was more evident particularly when considering bone development toward the center of the defect. The connective tissue presented a fibrous characteristic with areas of greater vascularization. In the coaptation group, the new bone formation was more intense, with an organized and well-vascularized connective tissue \[[Figure 3](#F3){ref-type="fig"}\].

![Histological section of experimental groups at 90 days: enlarged image (H and E, ×40). (a) Control group: discrete bone neoformation from the margins of bony defect, with the presence of connective tissue; (b) Noncoaptation group: bone neoformation toward the center of the bone defect, with the presence of fibrous connective tissue; (c) Coaptation group: bone neoformation toward the center of the bony defect, with the presence of organized and vascularized connective tissue. NO -- Neoform bone; TC -- Connective tissue](JISP-23-351-g003){#F3}

For the histometric evaluation, individual comparison of the slides was performed considering the margins of the osteotomy and the projection of bone neoformation toward the center of the cavity.

Two-way analysis of variance revealed no significant interaction between GBR and time (*P* = 0.118), suggesting that should there be a difference between GBR techniques, it could occur at any time interval, while differences between time intervals would occur regardless of the technique used.

Comparing the presence of new bone formation with the GBR technique used two-way analysis of variance (*P* \< 0.001), and Tukey\'s test revealed that when wound coaptation was performed following PB positioning, the percentage of newly formed bone was statistically superior to that obtained without coaptation. This group did not show a significant difference compared to the control group, in which, no PB was used \[[Table 1](#T1){ref-type="table"}\]. After 30 days, the coaptation group had 94.0% and 125.6% more newly formed bone in relation to the control and noncoaptation groups, respectively. After 90 days, the new bone formation in the coaptation group was 89.9% and 67.5% higher in the control and noncoaptation groups, respectively.

###### 

Mean and standard deviations, in percentage, of newly formed bone in cranial vault defects, in rats, following polypropylene barrier positioning, according to the guided regeneration technique used and time

  Technique            Time (days)   Mean           
  -------------------- ------------- -------------- ---------------
  Control              5.0 (1.2)     17.9 (1.1)     11.5 (6.9) A
  Without coaptation   4.3 (1.3)     20.3 (1.7)     12.3 (8.6) A
  With coaptation      9.7 (3.8)     34.0 (6.0)     21.9 (13.7) B
  Mean                 6.3 (3.3) a   24.1 (8.1) b   --

SD in brackets. Means followed by different upper case letters indicate a significant difference between techniques, regardless of time. Mean followed by different lowercase letters indicate a significant difference between times, regardless of technique. SD -- Standard deviation

Two-way analysis of variance also suggested that new bone formation was significantly affected by time since the surgical procedure (*P* \> 0.001), regardless of the technique used (with coaptation, without coaptation, or control), with significantly higher values observed after 90 days \[[Table 1](#T1){ref-type="table"}\]. After 90 days, the quantity of new bone formation was, on average, 3.8 times higher than at 30 days.

DISCUSSION {#sec1-4}
==========

Cranial bone defects in rats represent the standard experimental model for studies evaluating bone repair processes.\[[@ref19]\] By classical definition, a critical size defect is the smallest size tissue defect that will not completely heal over the natural lifetime of an animal. Parietal bone defects greater than 5 mm are usually incapable of spontaneous regeneration. Therefore, regeneration approaches allow for assessment of the repair potential of different materials and techniques.\[[@ref20]\] For this, 7-mm bone defects were standardized for this study.

A series of studies \[[@ref21][@ref22][@ref23]\] has evaluated several biomaterials to fill these defects, with no single biomaterial able to stimulate complete repair. In an experimental study evaluating the effect of GBR, on this type of defect, observed that the presence of a membrane was paramount for complete regeneration of the defect. The groups containing resorbable collagen membranes, independent of the biomaterial used, presented significantly improved results than those containing only the biomaterial.\[[@ref8]\]

GBR techniques are based on the presence of a physical barrier, which prevents the migration of epithelial cells into the alveolus; hence, promoting cell deletion.\[[@ref9]\] The PB meets all of these requirements and has emerged as a nonabsorbable GBR choice in alveoli since it intentionally allows exposure to the oral environment with a smooth, impermeable surface that prevents bacterial colonization of the barrier.\[[@ref14]\] Its use as a mesh in the treatment of hernias, as well as for other defects of the fascia, has already proved its biocompatibility, as well as its capacity to provide mechanical support for the soft tissues. The PB also allows the stabilization of a protected clot within the alveolus using a physical support framework for the soft tissues.

The PB has demonstrated good results in alveolar preservation procedures, as described in a series of case reports \[[@ref13][@ref17]\] and experimental studies.\[[@ref16][@ref18]\] Its true role in GBR and modified GBR, mainly in alveoli, depends on experimental trials and controlled clinical studies aiming to understand its effectiveness in the process of bony defect repair.

Regarding histology, the presence of a larger quantity of connective tissue in the group in which the PB was applied, regardless of period evaluated, seems to reflect a condition described clinically when using PB, which is the thickening of the tissue biotype around the alveolar ridge. The connective tissue that filled the bony defect was thick, organized, and with intense fibroblastic and cellular neoformation. This degree of organization occurs due to the maintenance of the biological space caused by the use of a physical membrane.

The initial areas of bone neoformation observed and demonstrated an accelerated differentiation and maturation of the osteoid tissue. The maintenance of the submerged barrier resulted in improved bone neoformation, both quantitatively and qualitatively.

For cases involving nonresorbable barriers, a period of prolonged application of membranes in GBR is related to maturation of new bone formation, with the exception of the presence of infection. In a study based on histochemical techniques, Ohnishi *et al*. evaluated the effect of removal of nonresorbable barriers at different time periods and their influence on bone neoformation in GBR in rat maxilla. Active bone neoformation and corticalization were observed after 1--2 weeks and after 4 weeks, respectively. The authors also confirmed that after the 4^th^ week, the continued presence of the membrane did not cause greater maturation or corticalization of the new-formed bone, however, increased atrophy was shown. Therefore, one should consider this moment as ideal for removal of the barrier. In this study, the association between neoformation and atrophy was not observed after 30 days.

Regarding histometric analysis, the percentage of newly formed bone in the group with wound coaptation after 90 days was higher when compared to the control group. However, the difference between the control group and the group with membrane exposure did not show any significant differences, demonstrating that exposure interferes with the repair pattern.

In this study, as well as that Machtei and Souza *et al*. showed that sites with submerged membranes presented more bone formation than sites in which membranes became exposed, and this finding was not only statistically significant but had a clinical significance.

CONCLUSION {#sec1-5}
==========

Modified bone regeneration provided earlier tissue organization compared to the control group and promoted increased bone neoformation, while regeneration with submerged membranes presented greater bone neoformation in the long term.
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